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ABSTRACT 
A device includes an n - doped InPlayer and an ohmic 
contact , in contact with the n - doped InP layer . The ohmic 
contact includes an annealed stack of at least three , or 
preferably four alternating layers of Si and Ni , such that : ( i ) 
the n - doped InP layer and one of the layers of the stack in 
contact with the n - doped InPlayer are at least partly 
intermixed ; and ( ii ) any two adjacent layers of the stack are 
at least partly intermixed . Related fabrication methods are 
also disclosed . 
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LOW - RESISTIVE , CMOS - COMPATIBLE , first layer , a third layer of Ni on top of and in contact with 
AU - FREE OHMIC CONTACT TO N – INP the second layer and a fourth layer of Si on top of and in 

contact with the third layer . 
BACKGROUND Preferably , the first layer and the second layer have , each , 

5 an average thickness that is substantially less than an aver 
The invention relates in general to devices involving age thickness of each of the third layer and the fourth layer . 

ohmic contacts to n - doped InP layers . In particular , it is In preferred embodiments , the device comprises two 
directed to devices comprising low - resistive , Au - free ohmic ohmic contacts , each according to said ohmic contact , 
contacts obtained by annealing a stack of alternating layers whereby each of the two ohmic contacts is in contact with 
of silicon and nickel . Such contacts can notably be used to 10 the n - doped InP layer . 
inject current into components based on III - V semiconduc - Preferably , the device further comprises a component 
tors . Embodiments of the present invention can therefore having a layered structure , in electrical contact with said 
find applications in the field of optical amplifier devices and n - doped InP layer , wherein said component is one of : an 
silicon photonic circuit devices . 15 optoelectronic component , a photonic component or an 

Silicon photonics relate to photonic systems , where sili - electronic component . This component may for example be 
con is used as medium for light propagation because of the an active gain material layer stack , comprising an epitaxi 
material ' s low optical loss . Silicon photonics makes use of ally - grown stack of III - V semiconductor material layers , on 
well - established silicon manufacturing principles exploited top of and in contact with said n - doped InP layer , in which 
in complementary metal - oxide semiconductor ( CMOS ) 20 case the device further comprises a p - doped InP layer on top , 
electronics . The features are usually patterned into micro in contact with a top layer of the active gain material layer 
photonic components with sub - micron precision ( to operate stack . The latter is arranged between said two ohmic con 
in the infrared ) . Silicon on insulator ( SOI ) is typically used tacts . 
as a material of choice . The fabrication of silicon photonic According to another aspect , the invention is embodied as 
devices can otherwise involve known semiconductor fabri - 25 a method of fabrication of a device according to embodi 
cation techniques ; since silicon is already used as a substrate ments as discussed above . The method first comprises 
of choice for most integrated circuits , it is possible to create providing an n - doped InP layer . Then , a stack of at least 
hybrid devices in which the optical and electronic compo three alternating layers of Si and Ni is grown , such that one 
nents are integrated onto a single chip . of the at least three layers is in contact with the n - doped InP 

Integrated optical interconnects with compatible light 30 layer . Finally , the device is annealed , in such a way that : ( i ) 
sources are needed for mass - fabrication of low - cost , high - the n - doped InP layer and one of the layers of the stack in 
performance CMOS - based chips . Due to the indirect band contact therewith are at least partly intermixed ; and ( ii ) any 
gap of silicon , no Si - based light source is available . Efficient two adjacent layers of the stack are at least partly inter 
light sources are typically based on III - V semiconductors mixed . 
which are heterogeneously or hybrid integrated on a Si 35 In embodiments , the stack grown comprises four alter 
photonics platform . nating layers of Si and Ni , such that one of the four layers 

The successful monolithic integration of components in contact with the n - doped InP layer is a layer of Ni . In 
such as III - V semiconductor lasers on silicon requires shal - addition , the annealing is carried in two steps . During a first 
low components , e . g . , III - V gain stacks of less than 500 nm . annealing step , the device is annealed at a first temperature 
Furthermore , the contact layers for injecting current need be 40 that is between 220 C and 300 C , so as for said one of the 
moderately doped . This is necessary to achieve low absorp - four layers in contact with the n - doped InP layer to react 
tion losses and thereby preserve the actual lasing action . On therewith and form a region comprising a NilnP compound . 
the other hand , moderately doped contact layers do usually During the second annealing step , the device is annealed at 
not allow for low specific contact resistivities , i . e . , specific a second temperature that is higher than said first tempera 
contact resistivities of less than 10 - 22 . cm2 . A low contact 45 ture and lower than or equal to 450 C . Eventually , any two 
resistance , however , is desired to reduce power dissipation . adjacent layers of the stack are at least partly intermixed . 
This is for instance needed to reduce thermal dissipation of Devices and fabrication methods embodying the present 
an integrated laser and , in turn , increase its efficiency , by invention will now be described , by way of non - limiting 
consuming less energy and having less thermal footprint . examples , and in reference to the accompanying drawings . 

50 

SUMMARY BRIEF DESCRIPTION OF THE DRAWINGS 

According to a first aspect , the present invention is FIGS . 1 - 9 are 2D cross - sectional views illustrating the 
embodied as a device comprising an n - doped InP layer and fabrication of a device , according to embodiments . FIG . 9 
an ohmic contact , in contact with the n - doped InP layer . Said 55 depicts the final device , according to embodiments . 
ohmic contact comprises an annealed stack of at least three FIG . 10 shows a 3D view of the device of FIG . 9 , also 
alternating layers of Si and Ni , wherein adjacent layers are showing a cut - away portion thereof . 
at least partly intermixed . Namely , the n - doped InP layer and FIG . 11 is a 2D cross - sectional view of an active gain 
one of the layers of the stack in contact therewith are at least material layer stack , comprising an epitaxially grown stack 
partly intermixed . In addition , any two adjacent layers of the 60 of III - V semiconductor material layers , as involved in 
stack are at least partly intermixed . embodiments ; and 

In embodiments , the stack is an annealed stack of at least , FIG . 12 is a flowchart representing high - level steps of 
or exactly , four alternating layers of Si and Ni , any two fabrication of a device , according to embodiments . 
adjacent layers of which are at least partly intermixed . The The accompanying drawings show simplified representa 
four layers may for instance successively comprise : a first 65 tions of devices or parts thereof , as involved in embodi 
layer of Ni , on top of and in contact with the n - doped InP ments . Technical features depicted in the drawings are not 
layer ; a second layer of Si , on top of and in contact with the necessarily to scale . Similar or functionally similar elements 
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in the figures have been allocated the same numeral refer stack 6 is formed from at least four alternating layers 61 - 64 
ences , unless otherwise indicated . of Si and Ni , where any adjacent pair of layers become at 

least partly intermixed . 
DETAILED DESCRIPTION Increasing the number of initial layers 61 - 64 provides 

5 additional control for the annealing process and the resulting 
In reference to FIGS . 9 and 10 , an aspect of the invention intermixing . This , however , also increases the fabrication 

is first described , which concerns a device 10 that may for complexity . A satisfactory trade - off is to limit the stack 6 to 
instance be an electronic device or an opto - electronic device . exactly four alternating layers 61 - 64 of Si and Ni . 
Basically , this device 10 comprises an n - doped InP layer 1 The sequence of alternating layers 61 - 64 may , in prin 
( i . e . , a layer that essentially comprises n - InP ) and an ohmic 10 ciple , start with Si as a first layer 61 . Yet , present Inventors 
contact 8 , 9 . The ohmic contact 8 , 9 is in mechanical contact have obtained better results , in terms of resistances , with 
( and thus in electrical contact ) with the n - doped InP layer 1 . layer sequences starting with Ni . Therefore , in embodi 
This ohmic contact 8 , 9 comprises a stack 6 ( see FIG . 6 ) of ments , the stack 6 first comprises a first layer 61 of Ni , on 
at least three alternating layers 61 - 64 of silicon ( Si ) and top of the n - doped InP layer 1 and in direct contact there 
nickel ( Ni ) , i . e . , layers that essentially comprise Si or Ni . 15 with . A second layer 62 of Si is grown on top of ( and in 
Such layers 61 - 64 may have different thicknesses . contact with ) the first layer 61 of Ni . A third layer 63 of Ni 

This stack 6 ( or , in fact , the whole device 10 ) has been is provided on top of and in contact with the second layer 62 
subject to an annealing process , such that the n - doped InP and a fourth layer 64 of Si is on top of and in contact with 
layer 1 and the lower layer 61 of the stack 6 ( in contact with the third layer 63 , and so on . Preferably , the stack 6 stops at 
the n - doped InP layer 1 ) are at least partly intermixed . In 20 layer 64 , as assumed in the embodiments of FIGS . 5 - 10 . 
addition , and due to this annealing , any two adjacent layers The first layer 61 and the second layer 62 preferably have , 
of the stack 6 are at least partly intermixed . The intermixing each , an average thickness that is substantially less than an 
may even extend to second - neighbor layers , e . g . , cause Si average thickness of each of the third layer 63 and the fourth 
diffuse into the lower InP layer 1 . layer 64 . Using thin lower layers 61 , 62 allows the lower Ni 

Thus , the annealing process employed eventually leads to 25 layer 61 to react well with the InP layer 1 , during the 
more or less distinguishable layers . For instance , assuming annealing process , and form a low - resistive NilnP region 8 . 
that the layer sequence starts with a Ni layer 61 , two limiting Yet , using thin lower layers 61 , 62 makes it possible for Si 
cases can be considered . First , if the intermixing remains to diffuse into the lower region 8 , to increase the doping 
moderate , the layers 61 - 64 will be only partly intermixed level , as noted earlier . The upper layers 63 , 64 of Ni and Si 
and a diffuse interface is expected to be seen between any 30 form a low - resistive alloy NiSi which acts as a contact plug . 
two consecutive layers . However , the intermixing may be Quantitatively , it appears advantageous for the first layer 
more pronounced , in which case the layers will be strongly 61 and the second layer 62 to have , each , an average 
intermixed . For example , and as depicted in FIG . 7 , the thickness that is equal to or less than 1 / 8 of the average 
contact obtained may roughly pass from a lower region 8 thickness of the third layer 63 and the fourth layer 64 . For 
that essentially comprises a mixture of Ni , In and P ( owing 35 example , the thickness of each of the first layer 61 of Ni and 
to the intermixing of layers 1 and 61 ) to an upper region 9 the second layer 62 of Si may be chosen to be approximately 
that essentially comprises a mixture of Ni and Si ( due to the 3 nm , whereas the thickness of each of the third layer 63 of 
intermixing of layers 62 - 64 ) . In both cases , the atomic Ni and the fourth layer 64 of Si may be 24 . 5 or 25 nm , as 
density profiles eventually obtained may nevertheless measured along the stacking direction x . Such values are 
slightly vary along the vertical axis x ( the stacking direc - 40 subject to an accuracy , which may reach + 1 nm , depending 
tion ) , in accordance with the initial ( i . e . , pre - annealing ) on the method used to measure it . The above values notably 
stack 6 of layers 61 - 64 . Also , in both cases , Si may diffuse allow a ratio of Ni to Si that is substantially of 1 : 1 in the 
into the InP layer 1 , which increases the doping level . ning level . stack 6 , which appears to favorably impact the resistance of 

The present devices 10 allow an Au - free ohmic contact to the contact ( this ratio appears to result in the lowest resis 
be obtained on moderately - doped n - InP layer . Having an 45 tance for the metal pad ) . Yet , satisfactory results have 
Au - free contact makes it compatible with CMOS technol - already been obtained using an average thickness for the 
ogy . Notwithstanding , the above structure may lead to very layers 61 , 62 equal to or less than 1 / 5 of the average thickness 
low specific contact resistivities , e . g . , of less than 10 - 6 or of the layers 63 , 64 . 
even 10 - 7 22 cm² . In fact , specific contact resistivities In general , one may seek to limit the height of the stack 
obtained with the present approach may typically be on the 50 6 , e . g . , to less than 80 nm ( as measured along said stacking 
order of 10 - 8 Q . cm² , or even less . In other words , the direction x ) , to allow for integration of shallow devices 10 . 
resistance may be lowered by up to two orders of magnitude In that respect , one may further limit the thicknesses of the 
compared with prior art approaches . Such performances are first layer 61 and the second layer 62 , e . g . , to a value equal 
perceived to result from the components used ( Si and Ni ) , to or less than 1 / 10 of the average thickness of the third layer 
the number of layers relied on ( at least three , preferably four , 55 63 and the fourth layer 64 . This way , specific contact 
or more ) and the intermixing of the alternating layers in the resistivities of less than 10 - 7 or , even , less than 10 - 8 2 . cm ? 
ohmic contact stack , as obtained by annealing . In particular , could be obtained . 
the annealing may notably cause Si atoms to diffuse into the As assumed in the embodiments of FIGS . 5 - 10 , the 
lower region 8 that forms at the bottom of the ohmic contact present devices 10 preferably comprise more than one , e . g . , 
stack and increase the doping level thereat . This , in turn , 60 two ohmic contacts 8 , 9 ; 8a , 9a , that are , each , configured in 
makes it possible to lower absorption losses , which , in a similar fashion as described above . Namely , each of the 
embodiments , can advantageously be exploited to avoid contacts 8 , 9 ; 8a , 9a is in ( direct ) contact with the n - doped 
suppressing the lasing action . InPlayer 1 and comprises an annealed stack 6 , 6a of 

Although improved ohmic contact stacks can in principle alternating layers 61 - 64 , 61a - 44a . 
be obtained with three alternating layers only , present inven - 65 Any number of ohmic contacts may be used , e . g . , as 
tor have observed that better results can be obtained with necessary to establish electrical communication with com 
stacks of four layers or more . Thus , in embodiments , the ponents 2 of the device 10 . In particular , the present devices 
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10 may comprise a component 2 having a layered structure The above layer stack 1 - 3 is easy to grow , e . g . , by 
and arranged in electrical contact with the n - doped InP layer molecular beam epitaxy ( MBE ) or by metal - organic chemi 
1 . The component 2 may for instance be arranged between cal vapor deposition ( MOCVD ) . The semiconductor mate 
the two ohmic contacts 8 , 9 ; 8a , 9a , for compactness , as rials 1 , 22 , 23 , 24 and 3 can be doped , if necessary , and 
depicted in FIGS . 5 - 10 . 5 preferably in conjunction with strain , e . g . , to tune the 

This component 2 may notably be an optoelectronic bandgap . 
component , a photonic component or an electronic compo Referring now to FIG . 12 , another aspect of the invention 
nent . If this component 2 is an optoelectronic or a photonic is described , which concerns a method of fabrication of a 
component , then the device 10 will likely comprise a clad - device 10 such as described above . Essentially , this method 
ding material 4 , such as SiO2 , covering the structure , so as 10 relies on the following steps : 
for the component 2 and the two ohmic contacts 8 , 9 ; 8a , 9a First , an n - doped InP layer 1 is provided , step S10 ( FIG . 
to be partly imbedded in the cladding material 4 , as depicted 12 ) , as otherwise depicted in FIG . 1 ; 
in FIG . 9 . Then , one or more stack 6 , 6a of alternating layers 61 - 64 

Referring now more specifically to FIG . 11 , in embodi of Si and Ni are grown on this layer 1 , such that a lower 
ments , this component 2 may notably be an active gain 15 layer 61 , 61a of the stack is in contact with the n - doped 
material layer stack 2 , which comprises an epitaxially InP layer 1 , step S60 , see also FIG . 5 . As explained 
grown stack of III - V semiconductor material layers 22 - 24 . earlier , each stack 6 , 6a comprises at least three layers 
This stack 2 is grown on top of and in contact with the of Si and Ni . Yet , it preferably comprises four ( or more ) 
n - doped InPlayer 1 . A p - doped InPlayer 3 is further alternating layers 61 - 64 ; and 
provided on top and in contact with a top layer 22 of the 20 Next , and as explained further below , the device 10 is 
active gain material layer stack 2 . The stack 2 is typically annealed , steps S70 , S80 , see also FIGS . 6 - 7 . The 
arranged between said two ohmic contacts 8 , 9 ; 8a , 9a , as annealing may be made local ( e . g . , by laser annealing ) ) , 
depicted in FIGS . 7 - 10 and may form a III - V laser , together such that only the stacks 6 , 6a are subject to annealing 
with layers 1 and 3 . ( or restricted portions of the device 10 ) , so as to not 

The resulting structure 1 - 3 may be monolithically inte - 25 damage other parts 2 of the device 10 , if necessary . Yet , 
grated on Si . I . e . , it may be bonded directly onto a wafer ( not the whole device may be subjected to the annealing 
shown ) , using molecular bonding or a layer of polymer or procedure , the other components permitting . 
SiO2 or , still , a bilayer of A1203 and SiO2 or a combination As a result of this annealing process : the n - doped InP 
thereof . However , using a bilayer of A1203 and SiO2 is layer 1 and the lower layer 61 , 61a of each stack 6 , 6a in 
preferred because SiO2 is a standard material in CMOS 30 contact therewith will be at least partly intermixed . In 
processes and A1203 improves the bonding energy . Tapered addition , any two adjacent layers of the stack 6 , 6a are at 
waveguide core portions ( not shown ) may be patterned on least partly intermixed , as explained earlier in reference to 
top of the cladding material 4 , to ensure in - and out - coupling FIGS . 9 , 10 . 
of light . The dielectric layers on top and bottom of the In preferred embodiments , each stack 6 , 6a comprises 
structure 1 - 3 may be adapted to tune the mechanical and 35 exactly four alternating layers 61 - 64 of Si and Ni and starts 
thermal properties of the device 10 . with a Ni layer 61 , 61a , which is thus in direct contact with 

The device 10 may notably be embodied as a photonic the n - doped InP layer 1 , as discussed earlier . 
circuit device . The latter may comprise a CMOS front - end - The annealing process is preferably carried out in two 
of - line ( FEOL ) or a bipolar CMOS FEOL . For example , the steps S70 , S80 . For instance : 
photonic circuit device may comprise a wafer and a buried 40 A first annealing step may be performed S70 , FIG . 6 , 
oxide layer , with electronics on top and passive photonics . during which the device 10 is heated at a first tempera 
The wafer is preferably a silicon wafer but may also be made ture between 220 C and 300 C . As a result , the lower 
from Gallium Arsenide ( GaAs ) or Indium Phosphide ( InP ) . layers 61 , 61a in contact with the n - doped InP layer 1 

The structure 1 - 3 , including the gain stack 2 is now react therewith and form a region 8 comprising a NilnP 
described in more detail , in reference to FIG . 11 , which 45 compound . 
notably depicts a sectional view of the epitaxial layer stack A second annealing step is then carried out S80 , FIG . 7 , 
of III - V semiconductor material layers 22 - 24 . The gain stack during which the device 10 is heated at a second 
2 may notably comprise : temperature , which is higher than the first temperature . 

A first intrinsic semiconductor 24 , arranged on top of the Still , this second temperature need typically be lower 
n - doped semiconductor layer 1 ; than or equal to 450 C . This way , the temperature safely 

A multiple quantum well section 23 on top of the first remains below 500 C , at which temperature phospho 
intrinsic semiconductor 24 ; and rous may otherwise typically desorb from the InP 

A second intrinsic semiconductor 22 on top of the mul lattice . In variants , short anneals ( e . g . , short heating 
tiple quantum well section 23 . In variants , two layers pulses ) may be relied on , possibly above 500 C . Yet , the 
may be used , instead of one . Namely , the two layers 55 inventor observed that temperatures above 450 C tend 
may include a separate confinement heterostructure and to degrade the contact . However , using an annealing 
an electron blocking layer . temperature of about 350 C systematically resulted in 

Note that the terminology “ intrinsic semiconductor ” as the lowest contact resistances , according to tests per 
used above actually means " unintentionally doped semicon formed by the Inventor . Typical annealing durations 
ductor ” . That is , the doping level of the semiconductor 60 are , for each step , between 10s and 600s . The duration 
material is essentially determined by its fabrication ( e . g . , is preferably of 100s for the first step and of 300s for 
growth conditions , precursor material chosen , etc . ) , rather the second step . As a result , adjacent layers of the stack 
than by intentionally adding doping species . 6 , 6a become at least partly intermixed . 

The p - doped semiconductor 3 completes the structure 1 - 3 In embodiments involving III - V gain sections , a stack 2 of 
on top of the second intrinsic semiconductor 22 . In addition , 65 III - V semiconductor material layers are grown on top and in 
another contact layer may be provided on top , to contact the contact with the n - doped InP layer 1 , step S20 , FIG . 2 and , 
p - doped layer , as usual . this , prior to growing S60 the stacks 6 , 6a . After step S20 , 

50 
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a p - doped InP layer 3 can be grown on top and in contact ( device - like or method - like ) recited in a given embodiment , 
with the top layer 22 of the stack 2 , step S30 , FIG . 2 . Then , variant or shown in a drawing may be combined with or 
the n - doped InP layer 1 and the p - doped InP layer 3 may be replace another feature in another embodiment , variant or 
covered with a cladding material 4 , step S40 , FIG . 3 . Finally , drawing , without departing from the scope of the present 
one may open vias or trenches 5 , 5a in the cladding material 5 invention . Various combinations of the features described in 
on each side of the stack 2 , step 50 , see also FIG . 4 . The respect of any of the above embodiments or variants may 
stacks 6 , 6a of alternating layers can subsequently be grown accordingly be contemplated , that remain within the scope 
in respective vias 5 , 5a , step S60 , see FIG . 5 . of the appended claims . In addition , many minor modifica 
Upon completion of the annealing process S70 - S80 , tions may be made to adapt a particular situation or material 

p - contacts 12 , 12a can be fabricated by first opening vias 5b , 10 to the teachings of the present invention without departing 
5c , step S90 , and then filling S100 the vias 5b , 5c with any from its scope . Therefore , it is intended that the present 
suitable metal to form the two p - contacts 12 , 12a . In variants invention not be limited to the particular embodiments 
( not shown ) , only one p - contact may be fabricated on top of disclosed , but that the present invention will include all 
layer 3 . In addition , we note that depending on the contact embodiments falling within the scope of the appended 
annealing scheme chosen , the p - contacts 12 , 12a may be 15 claims . In addition , many other variants than explicitly 
fabricated before or after fabricating the n - contacts , i . e . , touched above can be contemplated . For example , other 
either before step S50 ( whereby the p - contacts 12 , 12a are cladding materials than SiO2 may be used . 
subject the annealing S70 - S80 ) or after step S80 , as assumed What is claimed is : 
above . In the latter case , the p - contacts may nevertheless be 1 . A device comprising : 
subject to an annealing process , after step S100 . Other 20 an n - doped InP layer ; and 
variants can be contemplated . an ohmic contact , in contact with the n - doped InP layer , 

The above embodiments have been succinctly described wherein the ohmic contact comprises an annealed stack 
in reference to the accompanying drawings and may accom of at least a first layer of Ni on top of and in contact 
modate a number of variants . Several combinations of the with the n - doped InP layer , a second layer of Si on top 
above features may be contemplated . For example , in par - 25 of and in contact with the first layer , a third layer of Ni 
ticularly preferred embodiments , an epitaxially grown stack on top of and in contact with the second layer , and a 
2 is used , which is structured as shown in FIGS . 3 and 11 . fourth layer of Si on top of and in contact with the third 
I . e . , the stack 2 is grown onto an n - doped InP layer 1 . The layer , 
active region 2 includes multi - quantum wells 23 ( FIG . 11 ) . wherein 
The latter may notably involve any form of In , Al , Ga - r - 30 the first layer and the second layer have , each , an average 
yAs , with Osxsl and Osysl . In variants , InGaAsP ( or thickness that is substantially less than 1 / 5 an average 
InAlAsP or AlGaAsP ) may be used . A layer of p - doped InP thickness of each of the third layer and the fourth layer ; 
3 completes the structure , which is fully covered by an the n - doped InP layer and one of the layers of the stack in 
insulator , such as SiO2 , FIG . 3 . The SiO2 is then opened , contact therewith are at least partly intermixed ; and 
FIG . 4 , and the ohmic contact layer ( Ni / Si / Ni / Si ) stacks are 35 any two adjacent layers of the stack are at least partly 
deposited ( e . g . , sputtered or e - beam evaporated ) and struc intermixed . 
tured ( e . g . , RIE etched , or Ion Beam Milling etched ) , FIG . 2 . The device according to claim 1 , wherein the first layer 
5 . The total layer thickness is of about 75 nm . The ratio Ni and the second layer have , each , an average thickness that is 
to Si is approximately 1 : 1 and the lower layers 61 , 62 , 6la , equal to or less than 1 / 8 of the average thickness of the third 
62a are very thin , i . e . , approximately 3 nm each . The 40 layer and the fourth layer . 
structure 1 - 3 is then annealed in two steps . During the first 3 . The device according to claim 1 , wherein the ratio of 
annealing ( in a temperature range of 220 C to 300 C ) , the Ni to Si in the annealed stack is substantially of 1 : 1 . 
lower Ni layer 61 , 61a reacts with the neighboring InP layer 4 . The device according to claim 3 , wherein a specific 
1 to form a low - resistive compound 7 , 7a of NilnP ( Si may contact resistivity of the ohmic contact is less than 10 - 7 
further diffuse into this InP to increase the doping level ) , 45 2 . cm? . 
FIG . 6 . A preferred temperature for this first step is 240 C . 5 . The device according to claim 3 , wherein a specific 
The second annealing is performed at a higher temperature contact resistivity of the ohmic contact is less than 10 - 8 
( up to 450 C ) , so as for the upper layers 63 , 64 , 63a , 64a of 2 . cm² . 
Ni and Si to form a low - resistive alloy NiSi which acts as 6 . The device according to claim 1 , wherein a height of the 
contact plugs 9 , 9a , FIG . 7 . During the second annealing 50 stack is less than 80 nm as measured along a stacking 
step , the lower regions 7 , 7a ( low - resistive compounds of direction thereof . 
FIG . 6 ) expand somewhat , due to continued intermixing of 7 . The device according to claim 6 , wherein : 
layers 1 and 61 , to form lower regions 8 , 8a ( FIG . 7 ) . The a thickness of each of the first layer of Ni and the second 
process is completed by fabricating upper p - contacts 12 , 12a layer of Si is 3 nm ; 
as described above in reference to steps S90 , $ 100 of FIG . 55 a thickness of the third layer of Ni is 25 nm ; and 

a thickness of the fourth layer of Si is 25 nm , 
The contacts 8 , 8a , 9 , 9a finally obtained were tested with as measured along the stacking direction . 

suitable test structures ( relying on transfer length methods ) 8 . The device according to claim 1 , wherein a specific 
and median specific contact resistivities below 10 ' 22 . cm contact resistivity of the ohmic contact is less than 10 - 6 
were achieved . In some cases , specific contact resistivities 60 12 cm . 
below 10 - 8 2 . cm² were achieved . 9 . The device according to claim 1 , comprising two ohmic 

While the present invention has been described with contacts , each according to the ohmic contact , whereby each 
reference to a limited number of embodiments , variants and of the two ohmic contacts is in contact with the n - doped InP 
the accompanying drawings , it will be understood by those layer . 
skilled in the art that various changes may be made and 65 10 . The device according to claim 9 , further comprising a 
equivalents may be substituted without departing from the component having a layered structure , in electrical contact 
scope of the present invention . In particular , a feature with the n - doped InPlayer , wherein the component is one of : 

12a 

12 . 
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an optoelectronic component ; any two adjacent layers of the stack are at least partly 
a photonic component ; and intermixed ; 
an electronic component . wherein the ohmic contact comprises the annealed stack . 
11 . The device according to claim 10 , wherein : 14 . The method according to claim 13 , wherein : 
the component is an active gain material layer stack , 5 annealing comprises : 

annealing the device at a first temperature that is comprising an epitaxially - grown stack of III - V semi between 220 C and 300 C , so as for the one of the conductor material layers , on top of and in contact with four layers in contact with the n - doped InP layer to the n - doped InP layer ; and react therewith and form a region comprising a 
the device further comprises a p - doped InP layer on top NilnP compound ; and 

and in contact with a top layer of the active gain annealing the device at a second temperature that is 
material layer stack , higher than the first temperature and lower than or 

wherein the p - doped InP layer is arranged between the equal to 450 C , such that any two adjacent layers of 
two ohmic contacts . the stack are at least partly intermixed . 

12 . The device according to claim 10 , wherein the device 15 . The method according to claim 14 , wherein growing 
comprises a cladding material , each of the component and comprises growing two stacks of alternating layers , each of 
the two ohmic contacts partly imbedded in the cladding the two stacks according to the stack of four alternating 
material , the active gain material layer stack arranged layers of Si and Ni , such that one of the four layers in each 

between the two ohmic contacts . of the two stacks that is in contact with the n - doped InPlayer 
13 . A method of fabrication of a device comprising an 20 is a layer of Ni . 

n - doped InP layer and an ohmic contact , in contact with the 16 . The method according to claim 15 , wherein the 
n - doped InP layer , the method comprising : method further comprises , after providing the n - doped InP 

providing the n - doped InP layer ; layer and prior to growing the stack of alternating layers : 

growing a stack of at least a first layer of Ni on top of and growing a stack of III - V semiconductor material layers , 
in contact with the n - doped InP layer , a second layer of 25 on top and in contact with the n - doped InP layer , and a 
Si on top of and in contact with the first layer , a third p - doped InP layer on top and in contact with a top layer 
layer of Ni on top of and in contact with the second of the stack of III - V semiconductor material layers ; 
layer , and a fourth layer of Si on top of and in contact covering the n - doped InP layer and the p - doped InP layer 
with the third layer , wherein the first layer and the on top of the stack of III - V semiconductor material 
second layer have , each , an average thickness that is 20 layers with a cladding material ; and 
substantially less than 1 / s an average thickness of each opening vias in the cladding material on each side of the 
of the third layer and the fourth layer ; and stack of III - V semiconductor material layers , 

wherein , the two stacks of alternating layers are grown in annealing the device such that : 
the n - doped InP layer and one of the layers of the stack in the vias , respectively . 

contact therewith are at least partly intermixed ; and * * * * * 


